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ABSTRACT
Methods were developed to obtain antigens from mycelium of 
species and races of Pyricularia. Antisera were developed against five 
test isolates of P. oryzae and P. grisea. Conidia-agglutination tests 
and precipitin tests were developed for visualization of antigen- 
antibody reactions using fungal antigens. Comparison of the immuno­
diffusion and imtnunoelectrophoresis reactions among species and races 
of Pyricularia indicated that all of the isolates tested were closely 
related, with several antigens in common, but also with specific 
antigens. Comparison of zymograms of protein bands from Pyricularia 
isolates separated by disc-gel electrophoresis also showed similarities 
and differences in soluble proteins among tht' isolates. All tested 
isolates contained at least five major proteins in common. Using the 
technique of cross-adsorption it was demonstrated that P. grisea 
isolates from ryegrass and St. Augustinegrass were closely related 
antigenically and could be differentiated from P. oryzae isolates 
IB-54, ID-13, and IB-49 serologically. Specific antisera were developed 
for two isolates indicating the feasibility of developing species or 
race specific antisera. In these studies, P. oryzae and P. grisea 
isolates were found to have several antigens and proteins in common.
The antigen and protein differences among isolates within the P. grisea 
and P. oryzae groups were about the same as differences between P. 
grisea and P. oryzae isolates.
vii
INTRODUCTION
Blast is one of the most important diseases of rice, occurring in 
most of the rice growing areas of the world (Rice Path. Newsletter 2/74, 
International Rice Research Institute, Manila, 54). The fungus that 
causes this disease was named Pyricularia oryzae by Cavara in Italy in 
1891. It was first described in Japan by Shirai in 1896. In 1893 
Cavara described Dactvlaria parasitans on crabgrass (Dlgitarla 
sangulnalis L.). The fungus was later renamed Pyrlcularla grisea (Cke) 
Sacc. (54). These two species are similar in morphology, but differ in 
pathogenicity (2). Sprague (70) designated the name P. oryzae for the 
fungus on rice and P. grisea for that on other cereals and grasses. 
Atkins and Jodon (5) reported that Pyricularia isolates from rice would 
not infect crabgrass. There are reports that some ’grisea' isolates 
will Infect rice, and some 'oryzae1 isolates will infect wild grasses 
(54). The specific epithet 'oryzae1 isolates has been retained as a 
matter of convenience in that most of the literature concerning the 
blast fungus is found under that name (2). Pyrlcularla grisea also 
causes the pitting disease of bananas and infects the common weed 
Oo— allna erecta in Honduras (32). In cross inoculation tests con­
ducted with P. grisea Isolates from the pitting disease of banana and 
P. oryzae Isolates from rice, host specificity was retained by both 
fungi (31). An ascomycetous perfect stage, Ceratosphaeria grisea (Heb.) 
of P. grisea developed in culture only when two heterothellic isolates 
from crabgrass were mated. Isolates from crabgrass and rice have not 
been successfully mated to produce a perfect stage (33).
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The occurrence of pathogenic races of P. oryzae was first noted 
by Sasaki (62) who reported three distinct strains of P. oryzae in 
Japan. However, intensive studies of pathogenic variation in P. oryzae 
did not begin until 1950. In 1960, 10 varieties were selected as 
differentials on which 13 pathogenic races were identified and classi­
fied into T, C and N Groups (5, 27, 28, 54). Latterell (40) first 
reported the different pathogenic races in the United States. Initially 
15 races were identified in the U.S. (39). A sixteenth race was later 
added by Atkins (3). Distribution by state in the U.S.A. and by country 
of J. oryzae races in the western hemisphere were reported by Atkins (4) 
A cooperative study of the rice blast disease was initiated 
between Japan and the U.S. in 1963. Eight varieties of rice were 
selected as an international host range to differentiated races of 
P. oryzae (75). Eight groups comprising 32 pathogenic races were 
identified based on the disease reactions of the eight international 
differential varieties. The system was reorganized and standardized in 
1969 (43). The application of a standardized set of differential 
varieties was Invaluable to research concerned with the development 
of rice varieties resistant to blast. Recently two views of pathogenic 
stability in P. oryzae were raised. It was found that several patho­
genic races were identified in monoconldlal cultures from a single 
lesion or culture (22, 53). In opposition, Latterell (38) reported 
that the type cultures of most races retained their characteristic 
growth habit through 10 to 20 years of periodic transfer, as well as 
their pathogenic pattern toward differential rice varieties. These 
studies have raised new questions concerning the proper method of race
3identification and the nature of pathogenic variation in this 
organism.
Since the beginning of the twentieth century inmunological pro­
cedures have become an integral part of microbiology. Aside from the 
many useful applications in the study of human and animal microbial 
infections, serological tests play an important role in the identifica­
tion and classification of microorganisms. Such tests surpass in 
sensitivity practically all chemical and biochemical methods used for 
thia type of work. The general principles governing the serology of 
microorganisms have been applied to fungi (67).
The rapid development of mycology early in this decade increased 
the use of serological techniques by mycologists as an aid in the 
taxonomy, classification, and identification of fungi (6, 61, 65, 66,
67, 73).
The antigenic relationships among species and races of 
Pyricularia have not been elucidated. The objectives of this research 
were as follows: (i) comparison of Pyricularia species and races by
serological, immunoelectrophoretic, and disc-gel electrophoresis techni­
ques, (ii) to study the feasibility of developing antisera specific for 
races of Pyricularia and using these specific antisera for race identi­
fication, and (iii) to determine the antigenic relationships between 
the species P. oryzae and P. grisea.
REVIEW OF LITERATURE
Fungus ■erology
According to Seellger (67) serological techniques were first 
used in mycology in an attempt to distinguish between yeasts of 
industrial Importance by Bisserie' 1901. Medical mycologists have 
utilised inmunological techniques and procedures for protein analysis 
extensively in the detection and identification of fungi affecting 
men (60, 65, 66, 67). Fungal serology has not been used as extensively 
in research with phytopathogenic fungi (61, 67). Both obstacles and 
promising results have been reported (6, 9. 17, 61, 72, 73). According 
to Tenpel (73) Corpaci showed serological differences between Aspergillus 
niger and A. fumigatus by the complement fixation test in 1925.
Matsmoto (47, 48) obtained antiseia against six different species of 
He reported that the complement fixation test was the 
most effective method for distinguishing between closely related species 
when compared to the precipitin ring test and agglutination tests.
Coon end Strong (16), using the complement fixation test, were able to 
differentiate between the closely related species Fusarlum radiclcola,
£. coqglutlnans, F. martli var. phaseoli, £. oxysporum and F. othoceros. 
The titer of the antisera obtained was approximately 1:100. Nelson (52) 
described a method for isolating the antigenic protein material and 
mycelium residue antigen from mycelial masses of Fusarlum lini. The 
antigenic protein was serologically stronger than the mycelial residue 
antigen. He suggested that a better method was needed to obtain the
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5maximum antigenic protein which might be remaining in the mycelium resi­
due. Link et £l. (41), and Link and Wilcox (42) studied serological 
comparisons of Fusarlum conglutinans, F\ cubense, F. lycopersici, 
Cvllndrocarpon album. Ramularia sp., Neurospora tetrasperma,
Sclerotlnla fructicola and S^. sclerotiorum using precipitin ring tests. 
The antisera formed against some of these fungi exhibited sufficient 
specificity to permit differentiation, but in most cases cross precipitin 
reactions were so strong that identification was impossible by the pre­
cipitin test. They differentiated Sclerotinia spp., members of the 
Peslsales; from Neurospora tetrasperma, Fusarlum spp., and species of 
Cvllndrocarpon and Ramularia all of which belong to the Hypocreales. 
Strong group reactions among all members of the genus Fusarlum tested 
were recorded. The precipitin test did not permit as sharp a differ­
entiation between the conidial strains of N. tetrasperma and the Fusarlian 
group as it did between the Fusarlum spp. and the conidial stages of 
Cyllodrocarpon album and Ramularia sp. However, the antisera developed 
were not strain specific. Buxton ejt a^. (11) produced antisera against 
antigens from spores disintegrated by alternate freezing and drying.
Using agglutination and gel diffusion tests, races of Fusarlum oxysporum 
f. sp. pisl and F. f. sp. cubense could be distinguished, and both 
foxmae speciales reacted differently from F. oxysporum f. sp. 
lycopersici. He indicated that some forms of tested fungi possessed 
several antigens. Kalyanasundraram and Charudattan (34) reported that 
three strains of F. oxysporum f. sp. vasinfectum share major antigens.
The nonpathogenic strain showed significant antigenic differences when 
coaipared to pathogenic strains. Wilcox and Link (77) Isolated common 
polysKcharide antisera from Neurospora tetrasperma and N. sitophila. It
6was not determined whether or not strain-specific carbohydrates were 
presented. A single factor serological difference between Polyspora 
lini and Pullularia pullulans was reported by Tempel (72). Tempel (73) 
using gel immunodiffusion tests and immunoelectrophoresis found that it 
was difficult to distinguish serologically among the formae speciales 
of Fusarlum oxysporum. A gel immunodiffusion test was found to be the 
most suitable test for differentiating among Fusarlum spp. when compared 
to microconidial agglutination and precipitin tests. Host sera did not 
differentiate the formae speciales specifically. However, antisera to 
oxy8porum f. sp. plsi and £. oxysporuxn f. sp. lupini antigens 
reacted specifically. Cumley and Goldsmith (17) reported that an anti­
serum against Phymatotrichum omnivorum antigens reacted with antigens 
from other fungi in precipitin and complement fixation tests. These 
reactions indicated that P. omnivorum was serologically more related to 
the puffballs Lycoperdon gemmaturn, Secotium acuminatum, and Calvatla 
cyathiformls, in the class Basidiomycetae, than to fungi in the classes 
Phycomycetae and Ascomycetae. Beck (8, 9), using the precipitin ring 
test, worked with monosporidial cultures of Sorosporlum relllanum, 
ggHAgia horde!, U. levis, U. zeae and mass cultures of U. hypodites,
LL* trlticl. U. avenae. U. levis and U. zeae. The former category could 
be satisfactorily differentiated, while the latter could not as they 
showed many cross-reactions. Agglutination tests were attempted in the 
study but were unsuccessful. Gooding and Power (26) compared Cronaytlym 
fusiforme, £. quercuum and £. rlbicola using immunodiffusion tests with 
homologous, heterologous, and cross-adsorbed antisera. He reported 
that the species tested cross-reacted strongly. Each species could be 
differentiated from the other species by the presence of at least one
7specific antigen. However, in intraspecific tests no antigenic 
difference could be detected. Working with the problem of multiple 
antigen systems in fungal extracts, Gooding (25) isolated macromolecular 
antigens from Fomes annosus. He reported that the use of crude fungal 
extract as test antigen resulted in the formation of multiple precipitin 
lines, whereas 'purified' preparations resulted in the formation of a 
single precipitin line. The results were easy to interpret and antigens 
from different sources could easily be compared at the optimal propor­
tions. Intera- tions among precipitin lines could then be utilized in 
determining relationships among the antigens, whereas, multiple antigen 
systems were difficult to interpret. Gooding found that when individual 
antigen-antibody systems were in optimal proportions for formation of a 
sharp precipitin line, other systems were unbalanced so that their 
pattern of coalescence with a second system would be difficult, if not 
impossible, to interpret. Morton and Duke (51) demonstrated distinct 
serological differences between the genera Phytophthora and Pythium by 
means of immunodiffusion tests, but could not demonstrate differences 
between Phytophthora parasitica Dast. and P. parasitica var. nicotians 
Tucker. Genus and species specific antisera were studied by Burrell 
et al. (10) for the identification of three relatively distinct species, 
Phytophthora cactorum. P. cinnamon! and P. erythroseptica by means of 
immunodiffusion and indirect immunofluorescence tests. They reported 
that the type and concentration of the nitrogen source, the amount of 
inoculum, and the age of mycelium greatly affected the antigenic 
efficacy of the preparations. The antigens were localized in the young 
growing tips of the hyphae. Species-specific sera were efficient for 
the identification of P. cactorum, P. cinnamoni and P. erythroseptica.
Merz at «1_. (50) made a serological comparison of six heterothal 1 i_ 
species of Phytophthora using gel-diffusion tests. They consider®
Z* cinnamon! to be serologically distinct from the other species , 
whereas they believed that P. arecae, P. citrophthora, P. palmivosr 
J. aeadii and P. mexicana could be considered as the single s p e d ®
£. citrophthora. Wyllie and DeVay (80) compared cotton defoliatli 
and nondefoliating strains of Vertlcilllum albo-atrum and the s p e c  dt—  
)L‘ nigrftHCenfi by serology and disc-gel electrophoresis. Their r e  a x  s 
indicated that the V. albo-atrum strains could be differentiated f  -mr-
one another on an antigenic basis. The nondefoliating strain of V  _
albo-atrum was different antigenically from the defoliating stralra. _
It appeared to be more closely related serologically to the m i l d l y  
virulent V. nigrescens isolates than was the defoliating isolate .
Co— pn antigens between fungal pathogens and their hosts
Dineen (20) proposed that the degree of antigenic d i s p a r i t y  
between the host and the pathogen may be the primary factor in t l i ^  
hoet-parasite interaction which would lead either to susceptibil i. 
resistance of the host. The greater the antigenic disparity b e t v ®  ^  
the host and the pathogen, the greater will be the resistance of ffc-n. 
host to the pathogen. The literature in this area has been e x t e n s  ~W 
reviewed (14, 19, 78). It has been proposed that the presence o F  « a  
co— on pathogen-host antigen in specific plant diseases may be a n  
important factor that prevents triggering of the host defense m e c h a a  
thus, allowing the pathogen to parasitize the host (19, 21, 63, S^s- ^  
In contrast to previous studies on the role of comnon antigens In. 
disease, Carroll et £l. (14) demonstrated the lack of common a n t l t ^ ^
between t h e  h o s t  and pathogen in bact 
Corrnebactie r l . m n  insidiosum. The dif 1 
difference i n .  t h e  models employed. 1 
utilized a h o s t  — pathogen combination 
a single g e n e  o r  a few genes control! 
complex g e o  e  t i c  inheritance and hetei 
were used i n  t h e  comparison of antig* 
(14).
Comparison o  £~ fungal races and straii 
The p>cz> a sibilit'* of using the i 
protein a n d  e n z y m e  extracts as an aii 
pathogenic f n n g i  has been investigati 
and Zantmryer ( 1 5 )  reported separatioi 
of F h y t o p h t h o r a  cinnamoni, P. citrop 
gel e l e c t r o p h o r e s i s .  The results in 
isolates o f  thie same species were ne
host or l o c a l i t y  from which the fung 
extracts o f  d  i f  ferent species had, a 
e l e c t r o p h o r e t i c  mobility. Enzyme pa 
but there w e r e  some similarities bet 
Powell (23, 2 A ) compared the electro
protein e x t r a c t s  of Phytophthora cac 
They found t h a t  each isolate tested 
ponents o f  d i f f e r e n t  Ef values, resp 
patterns o f  t h e  isolates were identi
species, w h e r e a s  they differed betwe
10
be a generic similarity with four bands of identical mobility in the 
three species. Gill and Powell (24) found that the electrophoretic 
protein patterns of all isolates of the eight races of Phytophthora 
fragariae were also nearly identical. At least nine major bands were 
common to all Isolates of this fungus. They were quite different from 
the pattern of a single isolate of P. cactorum. They concluded that 
there were no major qualitative differences among the isolates of P. 
fragarlae. The very faint bands of protein, though consistent in 
their appearance, do not seem to indicate any significant difference 
useful in race identification.
One hundred and thirty-two isolates of the rice blast fungus from 
various sources were tested for their soluble protein and peroxidase 
enzyme patterns by Matsuyama and Kozaka (49). Soluble proteins extracted 
from mycelium and enzymes from culture tiltrates were subjected to poly­
acrylamide disc gel and thin layer electrophoresis. Two isolate groups 
were distinguishable in the soluble protein patterns and peroxidase 
zymograms. However, there was no significant correlation between the 
geographical distribution of the isolates and their pathogenicity of 
their protein or enzyme patterns.
MATERIALS AND METHODS
Pyricularia Isolates
The isolates of Pyricularia used in these studies are listed in 
Table 1. Stock cultures of these isolates were maintained on a sterile 
rice hull, rice grain (2:1) medium (Appendix 2) and transferred to 
potato dextrose agar (PDA) (Appendix 2) to prepare inoculum for each 
test.
Preparation of antigens
Mycelial discs (0.8 cm diam), from the periphery of 7 day old 
colonies of the Pyricularia isolates on PDA, were transferred to 500 ml 
flasks, containing 150 ml of sterile yeast extract medium (YE)
(Appendix 2). The cultures were incubated for one week on a flask 
shaker maintained at room temperature (ca. 25 C). Mycelium was 
harvested by filtering the cultures through four layers of cheesecloth. 
The mycelium obtained was washed thoroughly with deionized water to 
remove all traces of the culture medium. The mycelial mats were then 
dried with several layers of filter paper. The antigen preparation 
from whole mycelium was obtained by freeze-drying the mycelial mats 
overnight.
Soluble antigens were obtained by homogenizing freshly harvested 
mycelium in 0,01 M phosphate buffer-saline, pH 7.2 (PBS) in an ice bath 
for 20 min (26). One gram of mycelium was homogenized in 5 ml of buffer 
in a Sorvall Micro Omni-mixer Homogenizer. The homogenate was centri­
fuged at 12,100 g for 30 min at 4 C (Sorvall Model RC-2). The protein
11
Table 1. Cultures of Pyricularia spp. used in inmunological and electrophoresis studies.
Source
Other aj Date Species of
Culture No._______ Host_____________ Investigator_____identification Location- obtained_______ race]*/
LR 173 Rice (Zenith) M. A. Marchetti TX. #429 Louisiana June 1971 US-1 (IB-54)
LR 773 Rice (early Colusa) 
#2)
M. A. Marchetti 71T14 Beaumont, TX June 1972 US-3 (IG-1)
LR 2173 Ryegrass (Gulf) M. C. Rush # 310 Amite, LA Nov. 1971 P. grisea
LR 2673 St. Augustinegrass M. C. Rush — Baton Rouge, 
LA
June 1972 P. grisea
LR 5973 Rice (Nato) M. A. Marchetti 72 A-4 Arkansas June 1972 US-6 (ID-13)
LR 6073 Rice (Saturn) M. A. Marchetti 67 L-l Louisiana June 1972 US-35 (IB-49)
LR 6273 Crabgrass M. C. Rush -- Crowley, LA Nov. 1971 P. grisea
a/Location frcun which infected plants collected.
b/US-X indicates United States race designation of P. oryzae, race designations in parenthesis refer to 
to International race designations.
13
content of the supernatant fluid was determined spectrophotometrically 
by a modification of the Lowry technique (Appendix 3). The super­
natant fluid was distributed into serum bottles, at a total protein 
concentration of 10 mg protein per bottle, which was freeze-dried.
This preparation was the soluble antigen from Pyricularia mycelium.
The pellets were washed three times with PBS and centrifuged at 3,020 g 
to remove soluble antigen and then freeze-dried for use as the 
insoluble antigen preparation. The three antigen preparations were 
obtained from each Pyricularia isolate studied.
Ineaunization procedures
A. Serum collection and preservation:
Normal sera were collected prior to immunization from 2-3 kg New 
Zealand white rabbits. Blood was obtained from the marginal ear vein 
of each rabbit with a Bellco vacuum bleeding jar. The blood was 
allowed to clot at room temperature for 1 hr and then rimmed. The 
blood was held overnight at 4 C, and serum was obtained by centrifuga­
tion at 7,710 g for 15 min. The clarified serum was decanted and 
stored at -5 C until needed. The same procedure was used for subse­
quent bleedings.
B. Immunization schedules :
Two immunization schedules were utilized. Soluble antigen 
preparations from each isolate, which contained approximately 2-3 mg/ml 
of protein, were used in the first schedule. Initially 1.5 ml of 
antigen preparation was injected intravenously (iv). Soluble antigen 
was emulsified in an equal volume of Freund's complete adjuvant and 
1 ml was injected intramuscularly (iml into each thigh and 1.5 ml was
14
Injected subcutaneously (sq) into several sites on the back of the 
rabbit. After eight days 1.? ml of soluble antigen was injected iv 
and 2 ml of emulsified antigen was administered by im injection.
Forty days later one ml of soluble antigen was injected iv and 2.5 ml 
of emulsified antigen im, and the rabbits were test bled 1 week later.
In the second immunization schedule rabbits were imnunized by 
the sq and im routes with the emulsified antigen preparation, which 
contained 10 mg of protein into rabbit I, 10 mg by weight of freeze- 
dried insoluble antigen into rabbit II and 10 mg by weight of whole 
mycelium entigen from each fungus isolate were emulsified and injected 
into rabbit III. Similar injections were made weekly thereafter for a 
total of four injections. The animals were exsanquinated, by heart 
puncture, 3-4 weeks after the last injection.
Serological tests
Precipitin lines from the complex antigen-antibody system of the 
fungal isolates were observed by the Ouchterlony gel diffusion method 
(55, 56, 57, 58). The tests were made in two compartment 15 x 100 nm 
plastic petri dishes containing 7.5 ml of gel medium in each compart­
ment (Appendix 4). The plate was placed on the desired pattern drawn 
on a white paper. All of the wells were cut by using appropriate 
corkborers according to the pattern. The agar from each well was 
removed with a suction needle. After addition of antigens and antisera 
to representative wells the plates were incubated at room temperature 
(ca. 25 C) in a moist chamber for one week. The precipitin reactions 
were recorded by drawing them and by contact printing. The plates 
were then stained with a protein stain or a polysaccharide stain in an 
attempt to identify the antigens (Appenix4) (68, 79).
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A. Antibody titer of anti3era:
Normal and Immune sera from each rabbit were reacted against 
homologous antigen in Ouchterlony inmunodiffusion plates to determine 
antibody titer (29, 55, 57). A 9-well pattern with two hole sizes 
was used. The antisera obtained from the first immunization schedule 
against isolates LR 173, LR 2173, LR 2673, LR 5973 and LR 6273 were 
tested with the large pattern. The pattern was designed with eight 
peripheral wells (0.7 cm diam) with a spacing of 0.5 cm between wells 
and a 0.7 cm spacing between outer wells and a center antigen well 
(1.0 cm diam) (Fig. 1). The immunoglobulin fraction from each of 
several immunization schedules prepared against isolates LR 173,
LR 2173, and LR 6273 were titered using a smaller pattern, which 
consisted of eight outer wells (0.5 cm diam) with 0.35 cm between 
wells and with a 0.5 cm spacing between outer wells and the center 
antigen well (0.8 cm diam) (Fig. 5). The cross-reaction were observed 
for each immunoglobulin fraction reacting with crude antigen produced 
against the other isolates. These tests included crude antigen from 
isolates LR 773 and LR 6073. These tests were also used to evaluate 
the relationship among tested isolates (Fig. 5).
B. Inmunoglobulin fractionation by anroonium sulfate precipitation 
In an attempt to clarify the immunoprecipitin lines in the gel
diffusion tests, immunoglobulins from antisera prepared against 
Isolates LR 173, LR 2173 and LR 6273 from the second immunization 
schedule were fractionated and concentrated. The method of Kawamura 
(35) was used (Appendix 5). Globulin preparations from normal sera 
were obtained for use as controls in these tests.
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C. Effect of various factors on the Immunodiffusion teats:
1. Well size and configuration
The effect of well size and distance separating wells on inmuno-
dlffuslon gels were studied by comparing isolate LR 173 to LR 6273, 
and isolate LR 2173 to P. grisea LR 1973 isolated from ryegrass.
Three sizes of a 3-well pattern were compared: three wells (0.7 cm
diam) with a 0.5 cm spacing between wells, wells (0.9 cm diam) with 
a 0.9 cm spacing, wells (1.0 cm diam) with a 1.2 cm spacing (Fig. 2-A
to 2-H). Soluble antigen preparations from isolates LR 2173 and LR 2673
were allowed to react with homologous antiserum to study the effect of 
different concentrations of the antigen (Fig. 2-T to2-L). The soluble 
antigen 1:2 (1 g of mycelial mat/2 ml 0.01M PBS) and the soluble 1:5 
(1 g of mycelial raat/5 ml 0.01M PBS) of the same isolate were compared.
2. Antibody and antigen concentration
The effect of antibody and antigen concentration on the formation 
of precipitin lines in immunodiffusion tests was studied. The gel 
pattern used consisted of seven wells (0.7 cm diam) with a 0.7 cm 
spacing between wells. Concentrated antigen and antiserum preparations 
from Isolate LR 6273 were obtained by dialysis against Polyvinylpyrroli­
done (PVP). The reactant was pLaced in a dialysis tube and a small 
amount of PVP was powdered over the tube. The dialysis process pro­
ceeded in the refrigerator until the final volume of the reactant was 
decreased to 1/3 of the original volume. Serial dilutions of the 
concentrated reactants were compared to the nondialyzed reactant 
(Fig. 3-A and 3-B).
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3. The effect of sodium dodecyl sulfate (SDS) and different 
gel-diffusion media on the formation of precipitin lines
The crude insoluble antigen from P. grisea Isolate LR 2673 was 
ground in PBS, pH 7.2, and used as antigen system a, and ground in
PBS + 0.57» SDS and used as antigen system b. The two antigen systems
were compared in different media as follows:
(1) 0.87, ion agar + 17. NaN3
(2) 0.87, ion agar + 17 NaN3 + 0.57 SDS
(3) Veronal buffer agar (pH 8.6) (Appendix 6)
(4) Veronal buffer agar + 0.57. SDS
(5) Veronal buffer agar + 0.57 NaN3
(6) Veronal buffer agar + 0.57. NaN3 + 0.57 SDS
(7) Veronal buffer agar + 17 NaN^
(8) Veronal buffer agar + 17. NaN3 + 0.57. SDS
The tests were conducted in immunodiffusion plates using a 3-^ rell 
pattern with wells 0.9 cm diam and with a 1.0 spacing between each 
well.
D. Serological relationships among fungal isolates:
The possibility of using serology as an aid in the identification 
of Pyricularia isolates is dependent on the serological relationships 
among tested isolates. Antigens from the isolates used in these tests 
were compared by studying the information of precipitin lines produced 
by the homologous antigen-antibody system of each isolate and omparing 
these patterns of precipitin lines to those found in the heterologous 
system from each of the other isolates. The pattern consisted of three 
wells (1.0 cm diam) with a 1.2 cm spacing between wells. The fungal 
Isolates LR 173, LR 2173, LR 2673, LR 5973, and LR 6273 were compared 
as shown in Figure 4.
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The cross-reaction titers of the immunoglobulin from antisera 
against isolates LR 173, LR 3173, LR 2673, LR 5973, and LR 6273 were 
determined as previously described. The inmunoglobulins used in these 
studies were standardized at protein concentrations of 26 mg/ml and 
used undiluted. Freeze-dried soluble antigen from each isolate was 
standardized at 2 0 mg/ml of protein, used as undiluted in the center 
well, and reacted with the serial dilutions of inmunoglobulin in the 
peripheral wells.
E . Cross-adsorption tests :
Cross-adsorption tests, considered to be the most critical tests 
for relationship, were performed by adsorbing the antiserum (anti 
LR-173) with the antigen LR 6273 and adsorbing antiserum (anti LR 6273) 
with the antigen LR 173, respectively. The antigen-antibody mixtures 
were incubated at 37 C for 1 hr, overnight at 5 C, and then centrifuged 
at 3,020 g for 30 min. The supernatant fluid was collected and desig­
nated as the specific monovalent antiserum. Antigen preparation con­
taining 1 2 mg of protein were used to adsorb 1 ml of antisera.
The specific sera of LR 173 adsorbed with LR 6273 were reacted 
with the complex soluble antigens from isolates LR 2173, LR 2673,
LR 5973, and LR 6073. The following gel patterns were used: (i) two
sires of the 4-well pattern using 0.4 cm diam wells with a 0 . 5  cm 
spacing between wells in one test, and 0.7 cm diam wells with a 0.7 
spacing between wells in the other test, (ii) a 3-well pattern with 
0.9 cm diam wells and a 0.9 cm spacing, and (iii) a 7-well pattern 
with six outer wells 0 . 8  cm diam and center well 1 . 0  cm in diam with 
a 0.8 cm spacing between wells (Fig. 6 ).
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F . Anroonium sulfate fractionation of the soluble antigen prepara­
tion from Isolate LR 6273
Four fractions were collected from the crude soluble antigen 
preparation by precipitation with 50, 75, and 100% ammonium odfate.
The crude soluble antigen and its fractions were compared in an attempt 
to localize and identify each antigen-antibody system from isolate 
LR 6273.
Solid ammonium sulfate was added slowly to the crude soluble 
antigen from isolate LR 6273 to achieve 507, saturation (313 g/1) and 
gently stirred for one hr at 5 C. The resulting precipitate was 
collected by centrifugation at 1 2 , 1 0 0  g tor 60 min and was dissolved 
in 1 ml deionized water, dialyzed against three changes of deionized 
water over a 24 hr period at 5 C, and then stored at -20 C as fraction 1.
The resulting supernatant fluid was retained. The process was 
repeated twice to obtain Ft and F3 at 757 saturation (176 g/1) and 
100% saturation (198/1), respectively. The supernatant fluid obtained 
from the last NH4 SO4 treatment served as the fraction.
The protein concentration of F^  , Ft, and F^ fractions were 
adjusted to 2.8 mg/ml. The fractions were assayed by ge1-diffusion 
(Oucherlony method). Four-well patterns and 9-well patterns were 
used. When the 4-well pattern was used to compare two fractions they 
were added to the center antigen well and allowed to react with the 
homologous antiserum or homologous ’’inmunoglobul in" which were placed 
in opposing antibody wells (Fig. 7). The serological relationship 
among all fractions and the original crude soluble antigen were compared 
using the 9-well pattern. Each antigen was added in the appropriate 
peripheral well and reacted either with the homologous antiserum or the 
heterologous antiserum against isolate I,R 173 (Fig. 7).
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G . Immunoelectrophoresis:
The technique of immunoelectrophoresis has proved useful for 
detecting and identifying individual components in a multiple-component 
system based on two of their properties: characteristic mobility in an
electrical field (electrophoresis), and the ability to form precipitin 
lines in agar gels with specific antibody-antigen reactions (iimnuno- 
diffusion). In this experiment isolate LR 6273 was studied. The 
freeze-dried soluble antigens containing 100 mg/ml of protein from 
isolate LR 2173 and LR 6273 were compared using antiserum prepared 
against LR 6273. The specific antiserum of LR 6273, adsorbed with the 
antigen from LR 2173, was reacted with freeze-dried soluble antigens 
from isolates LR 173, LR 773, l,R 2673, LR 3973 and LR 6073 to evaluate 
the antigenic relationship among isolates (Fig. 8). The experiments 
were performed with electrophoretic apparatus LKB Model 1-600A (68) 
(Appendix 6).
H. Aggl utination and microprecipitin tests :
A conidia agglutination test, using whole antiserum or the gaoma 
Immunoglobulin fraction from antisera against the isolates LR 173,
LR 2173, and LR 6273 reacting with a conidia] suspension of LR 173, 
was developed for quick visualization of fungus-antibody reactions. 
Conidia were harvested from one month old cultures of the icularia 
isolate on PDA. The plates were washed with deionized water and 
scrubbed gently with a rubber spatula to dislodge conidia. The sus­
pension was filtered through two double layers of cheesecloth. Spore 
suspensions were adjusted to approximately 39 x 10^ conidia/ml with 
deionized water. The spore suspensions served as undiluted antigen. 
Serial dilutions of spore suspensions and anti serum or immunoglobulin
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were prepared. The tests were performed by the microprecipitin 
technique (7) (Appendix 7).
Disc gel electrophoresis
In order to study the "potentially protein antigens" of the test 
isolates, the protein components of each isolate were subjected to 
Acrylamide disc-gel electrophoresis. The protein patterns of the 
soluble antigens from 7 and 12 day old isolates of LR 173, LR 2173,
LR 2673, LR 5973, LR 6073, and LR 6263 were compared using Canalco 
Disc Electrophoresis Apparatus Model 1200 (13). Soluble protein 
preparations were prepared by grinding mycelial mats from each isolate 
in 0.01M PBS (1 gm/5 ml buffer) with a chilled mortar and pestle from 
each isolate. The slurry was centrifuged at 12,100 g for 1 hr. The 
pellet with ca 0.7 mg of protein was resuspended in 0.5 ml 0.01M PBS, 
and this preparation was subjected to electrophoresis. The supernatant 
fluid collected from the high speed centrifugation was mixed with an 
equal volume of cold acetone, added dropwise. The mixture was stirred 
with a magnetic stirrer for 30 min, and centrifuged at 12,100 g for 10 
min. The precipitate was dissolved in 0.5 ml of cold deionized water. 
The samples were adjusted to 0.1, 0.2, 0.35, 0.5, 0.7 and 1.0 mg protein 
and electrophoresed (Appendix 3). All tests were conducted at 5 C.
Freeze-dried soluble antigens from isolates LR 2173 and LR 6273 
also were tested at approximately 0.5-0.8 mg of protein. The electro­
phoretic procedure was that of Davis (18) (Appendix 8).
RESULTS AND DISCUSSION
Immunization and serology tests
Initial experiments dealt with inmunization of rabbits using dif­
ferent kinds of antigen preparations and two inmunization schedules. 
Demonstration of precipitin lines in gel-diffusion plates using the 
insoluble antigen preparations and freeze-dried mycelial antigen prepara­
tions and their corresponding antisera was difficult. The soluble anti­
gens from each isolate were readily diffusable and reacted in gel- 
diffusion tests. Antigen preparations from each isolate contained 
several soluble antigens with different titers when reacted with whole 
antiserum. However, the titers of antisera obtained from both immuniza­
tion schedules were usually 8 to 32 (Fig. 1). The only exception was the
titer of one antigen-antibody system from isolate LR 2173 (R) which was
1024 (Figs. 1-E, 1-F). This antiserum was obtained from the second 
inmunization schedule. The number and the intensity of the precipitin 
lines was about equal when antiserum from inmunization schedules one and 
two were compared (Figs. 1-A, 1 —B). These antisera were produced against 
LR 173.
Precipitin lines were clarified by using immunoglobulin fraction 
from antiserum against isolate LR 173 (Fig. 1-C) compared to the lines 
produced with whole antiserum (Fig. 1-B). For this reason, immuno­
globulin fractions instead of whole antiserum were used in the gel-
diffusion comparisons among tested fungal isolates. However, the number 
of antigen-antibody systems visualized using the inmunoglobulin against 
LR 2173 from the second inmunization schedule, was decreased when com­
pared to the reaction with whole antiserum from the first inmunization 





Figure 1. Immunodiffusion titers of the antisera to LR 173 and
LR 2173 obtained from two inmunization schedules. Center 
wells contain each tested soluble antigen. Peripheral 
wells contain serial dilutions of the corresponding 
antiserum or inmunoglobulin fraction.
1 Soluble antigen from P. oryzae LR 173, US race 1.
la Antiserum to LR 173.
li Inmunoglobu 1 in fraction from antiserum to LR 173
from the second inmunization schedule.
R Soluble antigen from P. grisea LR 2173 on ryegrass.
Ra Antiserum to LR 2173.
Ri Inmunoglobulin fraction from antiserum to LR 2173
from the second immunization schedule.
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A. Effect of well size, well pattern, antibody and antigen 
concentration, sodium dodecyl sulfate, and different gel 
media on the formation of precipitin lines
Several factors affected the formation of precipitin lines in 
gel -diffusion tests. Precipitin lines were not reproducible when 
different well patterns and antisera against LR 173 from two different 
rabbits were used in immunodiffusion tests (Figs. 2-A, 2-B). Similar 
results were demonstrated when antiserum against LR 6273 produced by 
two different rabbits were reacted with a LR 6273 double antigen prepara­
tion (Figs. 2-E, 2-F) . Antiserum from the same rabbit did give repro­
ducible line patterns when replicate tests were set up at the same time, 
using the same well pattern, and the same antigen preparation (Figs.
2-C, 2-G and 2-D, 2-H). Similar precipitin lines developed when two 
gel patterns with small differences in size and spacing between the 
wells were used. The precipitin lines in the smaller pattern (Figs.
2-C, 2-G) were sharper and the positions of the lines were closer 
together than in the larger pattern (FigB. 2-D, 2-H). The intensity 
of pale precipitin lines (Figs. 2-D, 2-H) could often be increased by 
refilling the antigen and antibody wells several times.
Two concentrations of the crude antigen from LR 2173 and 
LR 2673 were compared when reacted with their homologous antisera. 
Soluble antigens 1:2 and 1:5 were supernatants from aslurry prepared 
by grinding 1 gm of each test mycelium in 2 ml PBS, and 1 gm in 5 ml 
PBS, respectively. When the two concentrations of each crude antigen 
were compared there was considerable variation in the position and 
sharpness of each line (Figs. 2-1 and 2-J and Figs. 2-K, 2-L). This 
made it difficult to interpret reactions which appeared to indicate 
identity. It was concluded that all serological comparisons of
25
■
Figure 2. Effect of well size, well spacing, and antigen concentra­
tion on formation of precipitin lines. 2-A, 2-B and 2-C, 
2-D) Precipitin line formation by two antigen-antibody 
systems using different well sizes and spacing. 2-F, and
2-F) Reciprocal of tests shown in 2-A and 2-B. 2-G and
2-H) Replicates of tests shown in 2-C and 2-D. 2-1 and
2-J) Replicates from separate halves of same gel- 
diffusion plate demonstrating the effect of antigen 
concentration on formation of precipitin lines using 
antibody and antigen from LR 2173. 2-K and 2-L) Replicates
from separate halves of same gel-diffusion plate demon­
strating the effect of antigen concentration on formation 
of precipitin lines using antibody and antigen from 
isolate LR 2673.
C: soluble antigen from P. grisea LR 6273 from crabgrass. 
Ca: antiserian against LR 6273.
R: soluble antigen from P. grisea LR 2173.
R': soluble antigen from another isolate of P. grisea
LR 197 3 from ryegrass.
Ra: antiserum against LR 217 1.
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Isolates should be conducted at the same concentrations of crude 
antigen and whole antiserum and under controlled conditions.
The soluble crude antigen of LR 6273 and serial dilutions of 
the antigen concentrated by dialysis were compared. The dlalyzed 
antigen was serologically identical to the original antigen prepara­
tion (Fig. 3-A). Concentrating the antigen did not appear to clarify 
the resultant precipitin lines. The concentrated antigen was placed 
In the center well and allowed to react with the whole antiserum and 
serial dilutions of antiserum concentrated by dialysis in the peri­
pheral wells (Fig. 3-B). The concentrated antiserum (1:1) produced 
two precipitin lines with spurs against lines produced in response to 
whole antiserum. Precipitin lines from the reaction of antigen and 
Whole antiserum spurred against the lines produced by the concentrated 
entlserum preparation diluted 1:8. The spurring, although appearing 
to be a nonidentity reaction, was actually caused by the differences 
in concentration of antibodies to individual components of the 
csade antigen system. Under conditions of antibody deficiency, the 
optimal concentrations of antigen-antibody necessary for precipita­
tion were not reached.
In tests conducted to compare different gel media for their 
effects on formation of precipitin lines when the Insoluble crude 
antigen was used, no differences were observed in inraunodiffusion 
reactions in veronal buffer agar and water agar plates. One per cent 
MaN^ Incorporated into the media was an effective funglstat. Sodium 
dodecylsulphate (SDS) influenced the formation of precipitin lines. 
When added to the buffer used for preparation of antigen, SDS 
apparently broke down the insoluble crude antigen which was then
Pigure 3. Serological comparisons of the concentrated reactants and 
the nonconcentrated reactants of LR b273 (C).
Fig. 3-A: Center well: antiserum to LR 6273. Peripheral
wells: 1:1 dilution of the soluble antigen from LR 6273,
and serial dilution of concentrated antigen to LR 6273. 
Fig. 3-B: center well: 1:1 dilution of the concentrated
antigen to LR 6273. Peripheral wells: 1:1 dilution of
the antiserum to LR 6273, and serial dilution of concen­
trated antiserum to LR 6273.
Cl: 1:1 dilution of the soluble antigen preparation
from isolate LR 6273.
CD1: 1:1 dilution of LR 6273 antigen concentrated by
dialysis, 3 times more concentrate than Cl.
Ca: 1:1 dilution of the antiserum against LR 6273.
Cadi: 1:1 dilution of LR 6273 antiserum concentrated by
dialysis, 3 times more concentrate than Ca.
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able to diffuse and react with antiserum. When SDS was incorporated 
directly into media, the antiserum was apparently denatured and a 
nonspecific hazy ring was formed around the antiserum well. When 
precipitin lines were formed in plates with SDS, they disappeared 
faster than those formed in plates without SDS.
B. Serological relationships among fungal isolates
The iramunodiffusion reactions among species and races of 
^rrlcularla were compared in gel-diffusion plates using 3-well 
patterns. Antisera against isolates LR 173, LR 2173, LR 5973 and 
LR 6273 were reacted with their homologous antigen and every other 
antigen (Fig. 4). Precipitin line patterns in the immunodiffusion 
reactions indicated that all tested isolates were related, with 
several antigens in common, but also with specific antigens. The 
nuaiber of precipitin lines forming in each test were recorded 
(Table 2). Some heterologous antigen-antibody systems yielded more 
precipitin lines than the homologous system. Apparently the concen­
tration of a particular antigen present in the complex soluble antigen 
varied from one isolate to another. The antigen preparation admin­
istered to the rabbit probably contained a low concentration of the 
particular antigen which Induced the formation of the antibody.
However, that antigen was present in the crude antigen preparation 
from another isolate in a high concentration. The heterologous antigen 
from the latter Isolate and the homologous crude antigen which con­
tained a lower concentration of that particular antigen were allowed 
to react with the homologous antiserum. The precipitin line in 
question then developed in the heterologous antigen-antibody system
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Figure 4. Comparison of precipitin line formation in immuno­
diffusion pistes using 3-well patterns and 
soluble antigens from Isolates LR 173, LR 2173,
LR 2673, LR 5973 and LR 6293.
la antiserum to LR 173.
Ra antiserum to LR 2173.
Sa antiserum to LR 2673.
6a antiserum to LR 5973.
Ca antiserum to LR 6273.
1 soluble antigen from LR 173.
R soluble antigen from LR 2173
S soluble antigen from LR 76 73
6 soluble antigen from LR 59 73
C soluble antigen from LR 6273
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Table 2. Number of precipitin lines resulting from homologous and
heterologous antiserum-antigen reactions in tested species 













LR 173 (1) 5 5 4 3 4
LR 2173 (R) 4 4-5 4 4 4-5
LR 2673 (S) 4 4 4-6 - 5
LR 5973 (6) 4 5-6 _a/ 4-6 4-5
LR 6273 (C) 5 5 5-6 5 4-5
a/Not tested.
32
but not in the homologous system where there was an insufficient 
amount of the single antigen to form the antigen-antibody precipitate.
Immunoglobulins and soluble antigen preparations of the test 
isolates were cross-reacted in gel-diffusion plates using an 8-well 
pattern (Fig. 5). The cross-reaction titers were compared to the 
immunoglobulin titer of the homologous system. Cross-reaction titers 
of the immunoglobulins from the antisera to isolates LR 173 and 
LR 6273 showed similar patterns, which indicated that at least three 
common antigens were presented in all isolates tested (Figs. 5-A to 
5-L). However, the precipitin patterns in the tests using immuno­
globulin fraction from the antiserum to isolate LR 2173 were different. 
Reaction of antiserum to LR 2173 with heterologous antigens from 
isolates LR 173, LR 2673, and LR 6273 produced one distinct precipitin 
line (Figs. 5-M to 5-Q). No lines were produced when LR 2173 anti- 
serum was reacted with the antigen from LR 597 3. The titer of immuno­
globulin fraction from antiserum against LR 2173 in the homologous 
8 ystam was 1024 (Figs. 5-0 and 5-R).
Cross-adsorption of antisera against isolates LR 173, LR 2173, 
and LR 6273 with reciprocal antigen, used at a concentration of 12 mg 
protein for each ml of antiserum, did not always completely remove the 
comnon antibodies. When cross-adsorption was complete, the antisera 
were only partially specific in that they still contained antibodies in 
common with Isolates in which they had not been adsorbed.
The antiserum against LR 173, when completely adsorbed with 
antigen from LR 2173, contained antibodies specific for LR 173 
antigen. If this cross-adsorbed antiserum was further adsorbed with 
antigen from LR 2673, one specific precipitin line should remain.
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Figure 5. The titers of the principal immunoglobulin fractions 
from antisera against Isolates LR 173, LR 2173 and 
LR 6273 from the second immunization schedule. 
Peripheral wells contain the serial dilutions of 
immunoglobulin fractions from the antlsera. 'Center 
wells contain the soluble antigens from each isolate.
li inmunoglobulin from the ant iserum to LR 1 7 3 .
Ci inmunoglobulin from the antlserum to LR 6 2 7 3 .
Ri inmunog1obu1 in from the ant i serum to LR 3 1 7  3.
1 soluble antigen from LR 1 7 3 .
3 soluble antigen from LR 7 7 3 .
R soluble antigen from LR 2 1 7 3 .
6 soluble antigen from LR 5 9 6 3 .
35 soluble antigen from LR 6 0 7 3 .
c soluble antigen from LR 6 2 7 3 .
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Figure 6. Immunodiffusion reactions of cross-adsorbed antisera 
reacting with different antigen preparations.
Ca: Specific antiserum to LR 6273, cross adsorbed with
the antigen from LR 173.
Csp-R: Specific antiserum to LR 6273, cross adsorbed with
the antigen from LR 2173. 
lsp-C: Specific antiserum to LR 173, cross adsorbed with
the antigen from LR 6273. 
lsp-R: Specific antiserum to LR 173, cross adsorbed with
the antigen from LR 2173.
1: antigen from LR 173.
R: antigen from LR 2173.
S: antigen from LR 2673.
C: antigen from LR 6273.
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The antiserum then would not react with Isolates from ryegrass 
(LR 2173) or St. Augustinegrass (LR 2673) but would react with the 
Isolates from rice (Figs. 6-G, 6-H). It appears unlikely that a race 
specific antiserum would be obtained by further adsorption with either 
LR 5973 or LR 6073 (Fig. 6-H). By using the technique of cross­
adsorption it was demonstrated that P. grisea isolates LR 2173 and 
LR 2673 were closely related antigenically and could be serologically 
differentiated from P. oryzae isolates LR 173, LR 5973, and LR 6073.
Attempts to prepare specific antisera from antiserum against 
isolates LR 173, LR 2773, and LR 6273 from the second immunization 
schedule were not as successful. The specific precipitin lines were 
very pale because the specific antibodies were apparently removed 
during centrifuging by nonspecific adsorption to components of the 
antigen preparation. The number of precipitin lines forming when 
antisera partially specific for isolates LR 173, LR 6273, and LR 2173 
were reacted with the five test isolates were recorded (Table 3).
Contact printing of these reactions was not possible because of the 
very pale precipitin lines. Cross-reaction among cross-adsorbed 
antisera and heterologous antigens indicated the presence of comnon 
antigens among certain isolates. The ryegrass Isolate (LR 2173) 
apparently has a closer antigenic relationship to the St. Augustlnagraas 
Isolate (LR 2673) than to any of the other isolates.
C . Comparison of the ansaonium sulfate fractions of the soluble 
antigen preparation from Isolate LR 6273
The four fractions obtained by ammonium sulfate fractionation 
of the complex LR 6273 antigen were tested in gel-diffusion plates 
using antiserum and Immunoglobulin fraction against LR 6273 (Fig. 7).
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Tabic 3. Number of precipitin lines forming in gel-diffusion plates when 
cross-adsorbed antisera to LR 173, LR 2173 and LR 6273 from 
















LR 173 (1) LR 6273 (C) 2 2 0 2 0
LR 6273 (C) LR 173 (1) 0 I 0 1 1
LR 2173 (R) LR 6273 (C) 1 2 2 1 0
LR 6273 (C) LR 2173 (R) 1 0 0 1 1
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Figure 7. Comparison of the ammonium sulfate fractions of the soluble 
antigen preparation from Isolate LR 6273 to each other and 
the whole antigen from Isolate LR 6273. The antigens ware 
allowed to react with the antiserum and InmunoglobulIn from 
the antiserum prepared against Isolate LR 6273.
C: soluble antigen to LR 6273.
Ca. antiserum to LR 6273.
Cl: Immunoglobulin fraction from the antiserum to LR 6273.
la: antiserum to LR 173.
FI: antigen fraction of LR 6273 at 50 per cent anasonlum
sulfate saturation.
F2: antigen fraction of LR 6273 at 75 per cent anmonlum
sulfate saturation.
F3: antigen fraction of LR 6273 at 100 per cent ammonium
sulfate saturation.
F4: supernatant from the last step of fractionation, 100
per cent ammonium sulfate solution.
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The same precipitin line patterns formed when either the whole anti­
serum or immunoglobulin fraction were used. and formed no
precipitin lines when reacted with the whole antiserum (Figs. 7-A,
7-D, 7-E, 7-G). F2 appeared to have fewer antigens than the whole 
antigen preparation (Fig. 7-B). F^ appeared to have at least one 
antigen more concentrated than in the whole antigen preparation 
(Fig. 7-C). F^ had at least one antigen which was not present in 
F2 (Fig. 7-F). Comparison of all fractions in the 9-well gel- 
diffusion pattern indicated the antigenic relationships among the 
fractions (Fig. 7-G). Antiserum against isolate LR 173 gave a similar 
but paler precipitin pattern (Fig. 7-H). This method was found to be 
ineffective for isolation and identification of specific antigens.
D. Staining of gel diffusion precipitin lines
As precipitated antibody was present, all precipitin lines were 
stained blue with the protein stain amido black-lOB. The technique 
used for staining polysaccharides was unreliable and positive staining 
was difficult to detect.
E. Imnunoelectrophoresis
The immunoelectrophoresis experiments confirmed that the LR 6273 
antiserum cross-adsorbed with antigen from LR 2173 contained comnon anti­
gen with other isolates. The precipitin line patterns formed when the 
cross-adsorbed LR 6273 antiserum was reacted with the other test antigens 
were dlagramned (Fig. 8). Antigen from isolate LR 5973 produced no preci­
pitin lines when reacted with the cross-adsorbed antiserum. It appeared 
that further cross-adsorption of the cross-adsorbed antisera with crude 
antigen from the St. Augustinegrass isolate or any of the rice
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Figure 8. The inmunoelectrophoretic precipitin line pattern
produced by reaction of the cross-adsorbed antiserum to 
LR 6273, cross-adsorbed with the antigen from LR 2173, 
reacted with the antigens from isolates LR 173, LR 773, 
LR 2673, LR 5973, and LR 6073.
Ca antiserum to LR 6273.
Csp-R specific antiserum to LR 6273 adsorbed with 
antigen from LR 2173.
1 antigen from LR 173.
3 antigen from LR 773.
R antigen from LR 2173.
S antigen from LR 2673.
6 antigen from LR 5973.
35 antigen from LR 6073.
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Isolates would produce an antiserum specific for the crabgrass Isolate 
of P. grlsea.
F . Agglutination and precipitin tests
Using the precipitin tests, with the soluble antigen and 
agglutination tests with the particulate insoluble antigen, and the 
whole mycelium antigen obtained from isolates LR 173 and LR 6273, 
antiserum titers against each antigen preparation were usually 256-512 
Conidia-agglutination tests and precipitin tests using crude antigens 
showed positive results when whole normal serum was used. Tempel (73) 
reported the same nonspecific reaction with his agglutination teats 
but not with precipitin tests. Immunoglobulines purified from the 
antisera gave positive results in conidia-agglutination and precipitin 
tests. No agglutination or precipitation reactions were observed 
whan globulins fractionated from the normal sera were used as controls. 
All antisera cross-reacted with heterologous antigens in both tests 
and almost no difference was observed between cross-reaction titers 
and the titer of the homologous system. The precipitin test was 
found to be a suitable method for studying the immune reactions 
between antisera and insoluble antigens or whole mycelium preparations 
Antiserum collected one month after the first Injections showed a 
higher titer in agglutination tests using the insoluble antigen 
preparation from Isolate LR 173 than against whole mycelium antigen 
or in precipitin tests using the soluble antigen preparations from 
the same Isolate. However, antlsers collected in later bleedings 
showed no titer differences among the different sources of antigen. 
Negative and positive conidia-agglutination tests are shown in 
Figures 9 and 10, respectively. Merz (50) reported that he found
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Figure 9. Negative conidia-agglutination test using globulin
from the normal serum reacted with conldial suspension 
of LR 173 (18 x 5^ spore/ml).
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Figure 10. Positive conidia-agglutination test using immunoglobulin 
fraction from the antiserum prepared against insoluble 
antigen from isolate LR 173 reacted with spore suspension 
of LR 173 (18 x 3 spore/m]).
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no antigenic substances in the cellular debris from macerated fungal 
mycelium. In this study, insoluble antigens were demonstrated by use 
of precipitin tests and gel-diffusion tests using SDS to denature 
protein antigens. It appeared that the insoluble antigen preparation 
was composed of cell wall debris. In general, fungal cell walls are 
composed of aminopolysaccharides, nonaminopolysaccharides, proteins, 
lignin, lipids, inorganic constituents, nucleic acid derivatives, and 
melanins (1). Proteins and polysaccharides are known to be antigen 
137, 65, 66, 67, 73). Merz' (50) failure to demonstrate antigenic 
materials from cell wall debris was probably due to the poor diffus- 
ability of these nonsoluble antigens in gel-diffusion tests.
G. Conclusions
All of the Pyricularia isolates tested in these studies were 
closely related antigenica1ly. P. oryzae and P. grlsea could be dif­
ferentiated serologically but they had more antigens in common than 
were species specific. The presence of apparently specific antigens 
among the isolates indicated that it may be possible to develop race 
specific antisera. The difficulties encountered in cross-adsorption 
may be overcome with further testing of cross-adsorption techniques. 
The crude antigen preparations employed in these studies give indica­
tions of the potential for development of specific antisera and the 
use of these sera for quick Identification of Pyricularia races by 
conidia-agglutination tests. However, further progress can not be 
expected until the complex fungal antigen preparations have been 
separated into their component antigens and antisera are prepared 
against each component. Not only is the antigenic composition of such 
preparations unknown, but the concentration of the various components
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varied among different lots of mycelium. Seeliger (65, 66, 67) 
reported many works involving common antigenic fractions among 
different genera of fungi. He concluded that there is no absolute 
antigenic specificity within the fungi. The number of antigens or 
antigenic constituents in nature is limited and cross-reactions have 
been demonstrated between antigens from remote genera. Serologically, 
the polysaccharide fractions of fungal antigen preparations function 
aa haptens and determine the degree of specificity. Protein and 
lipoprotein constituents tend to provoke reactions with decreased 
specificity. Seeliger (65) concluded that successful analysis of 
the antigenic composition of fungi could be very useful for resolving 
•ojw» difficult taxonomic problems. Since serology has not been applied 
as a routine technique in mycology, it is not possible at present to 
use serological procedures for identification of fungi. However, 
serological diagnosis may be an advantageous tool when applied with 
other classical diagnostic procedures. Kwapinskl (34) Isolated 
species-specific antigenic polysaccharide fractions from species of 
Aclnomycea and Nocardia. Kwapinskl and Seeliger (35) extracted poly­
saccharide fractions with the same technique from defatted cell walls 
of 32 strains of Nocardia. They presented a method for the sero­
logical classification of Nocardia based on the isolation and charac­
terization of each antigenic polysaccharide component produced by 
strains of these fungi.
Disc gel electrophoresis
The protein bands separated by disc-gel electrophoresis were 
compared by zymograma (Figs. 11, 12) and microdensitometrlc scans
II
Figure 11. Zymograms of soluble protein bands from 7 day old
cultures of Isolates LR 17), LR 7173, LR 767),
LR 60 71, and LR 67 73.
1 : solub1e pr< t e 1 n f roni 1 73.
R: soluble prot e 1 n f rr/n LR 71 7
S: soluble pro t e 1 n f rfrrri LR 76 7'
IV soluble prote i n f r r m LR */>'/•
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Figure 12. Zymograms of soluble protein bands from 12 day old 
culture* of isolate* LR 173, LR 2173, LR 2673,
LR 5973, LR 6073, and LR 6273.
1 soluble protein from LR 173.
R soluble protein from LR 2173.
S soluble protein from LR 2673.
6 soluble protein from LR 5973.
35 soluble protein from LR 6073.
C soluble protein from LR 6273.
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(Fig. 13). Soluble protein extracts from the teat Isolates separated 
into ca 9-20 bands. Small, uncontrollable differences in migration 
velocities occurred in some tubes. However, the electrophoretic 
patterns of different concentrations of soluble protein (0.35 to 1.0 
mg) from the same isolate were identical. Protein preparations at 
concentrations of ca 0.1 to 0.2 mg showed no visible separation of 
protein bands in electrophoresis gels. The sample containing 0.7 mg 
of protein gave the best band separation. Bands from samples kept 
frozen for 2 days were paler and more diffuse than those produced when 
fresh samples were used. Comparison of protein extracts from raycelliaa 
of the fungus isolates after incubation in shake culture for 7 days 
and 12 days (ca 0.7 mg of protein) indicated that there was an increase 
in the number of protein bands in preparations from the older samples 
(Figs. 11, 12). The zymograms of protein bands from 7 day old cultures 
of isolates LR 173 and LR 6073 were only slightly different. After 7 
days incubation, the zymograms of protein bands from isolates LR 2173 
and LR 6273 were quite similar, but the zymogram of isolate LR 2673 was 
very different from all other isolates (Fig. 11). Zymograms of protein 
bands from Isolates of P. grlsea from grass were similar after 12 days 
incubation. Isolate LR 6273 was more similar to LR 2673 than to 
Isolate LR 2173. Freeze-dried samples of Isolates LR 2173 and LR 6273 
gave clearer separation of bands, but both samples produced a distinct 
band close to the tracking dye band which was not observed in samples 
not previously frozen. All of the pellets obtained after high speed 
centrifugation showed no separation of protein bands after electrophore­
sis. The molecules in these samples were probably larger than the gel 
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Microdensitometric scans of electrophoretically 
separated bands of soluble protein from isolates
LR 6073, andLR
LR
173, LR 2173, LR 
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2673, LR 5973,
1 soluble protein from LR 173.
R soluble protein from LR 2173.
S soluble protein from LR 2673.
6 soluble protein from LR 5973.
35 soluble protein from LR 6073.
C soluble protein from LR 6273.
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All samples from each Isolate showed various patterns of 
separating protein bands, depending on the age of the fungus, method 
of separation, and the preservation method of the soluble protein 
samples before electrophoresis. At a certain age, some patterns were 
similar but differed when the isolates remained In culture for longer 
periods as shown with isolates LR 2173 and LR 6273. Whitney et^  al. 
(74) reported that protein band patterns of Vertlcilllim change over 
the whole culture period, when subcultures were compared at 5 day 
Intervals up to 45 days of age. The value of electrophoretic data 
depends upon the procedure and method used in interpreting the results 
(67). For example, uncontrolled variation in migration rates between 
tubes presents a problem when attempting to determine which bands are 
identical. This is especially critical when comparing gels from 
separate runs. Baaed on Ef value, there was considerable variation 
among the isolates of Pyricularia. Shipton (67) agreed with another 
investigator that the Ef value cannot be relied upon entirely, even 
in carefully controlled systems, to indicate the identity of an 
unknown. Matsuyaaia and Kozaka (47) preferred thin layer polyacryla­
mide gel electrophoresis to compare the soluble proteins and enzymes 
of P. oryzae Isolates, because of uncertain Ef values. The results in 
this experiment cannot be compared to those of Matsuyama and Kozaka 
because of the variation in the conditions and procedures of their 
experiments. The protein band patterns from the Isolates tested in 
these studies did not belong to either of the two groups suggested by 
Matsuyama and Kozaka (47).
From the results of this preliminary experiment, there were 
similarities and differences in protein patterns among all of the
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Isolates studied. Some bands seemed to occur among all of the gels 
from different Isolates, but changes In the thickness of these bands 
made it difficult to confirm their identity.
Comparison of gels by microdensitometer scans was more satis­
factory (Fig. 13). All isolates appeared to have at least 5 major 
proteins in common. These were probably the same antigens found in 
common in the immunodiffusion tests. This could only be confirmed by 
developing a system of disc gel Immunoelectrophoresis or by separating 
the proteins, identifying them serologically, and running the single 
proteins in gel electrophoresis tests with whole protein preparations 
for comparison. Lung and Shih (46) studied the soluble proteins from 
P. oryzae mycelium using paper electrophoresis and column chromatography. 
Their results indicated that electrophoretic protein patterns and the 
elution patterns of mycelial proteins seemed to be correlated to the 
relative pathogenicity of each of the pathogenic races tested. This 
indicates that certain proteins may be specifically associated with a 
given type of pathogenicity. This further strengthens the possibility 
that specific antigens (proteins) may be found for each race of P. 
oryzae.
Specific activity of certain enzymes has also been correlated 
with pathogenic races of P. oryzae. Different levels of lactic acid 
dehydrogenase activity were demonstrated for five races of j\ oryzae 
(45). If this reflects the presence and distribution of different 
lactic acid dehydrogenase Isozymes among the five races, it might be 
possible to distinguish the different, and hopefully specific, isozymes 
serologically. The isozymes are primarily proteinaceous in character 
and may differ antigenica1 ly, as well as, in their catalytic character.
SUMMARY
1. Methods were developed to obtain antigens from mycelium of species 
and races of Pyricularia. Antisera were produced against five test 
Isolates of P. oryzae and P. grisea. Suitable techniques were 
developed for visualization of antigen-antibody reactions using 
fungal antigens.
2. Comparison of the immunodiffusion and Immunoelectrophoresis reac­
tions among species and races of Pyricularia indicated that all of 
the isolates were closely related, with several antigens in common, 
but also with specific antigens. Using the technique of cross­
adsorption it was demonstrated that P. grisea isolates LR 2173 and 
LR 2673 were closely related antigenically and could be differen­
tiated from P. oryzae isolates LR 173, LR 5973, and LR 6073 
serologically. Cross-adsorbed antisera were developed for 
several isolates, demonstrating the feasibility of developing 
species or race specific antisera.
3. Conidia-agglutination tests and agglutination tests using complex 
particulate antigens showed positive agglutination reactions whan 
whole normal serum was used. When purified globulins from the normal 
serum were used in agglutination tests there were no nonspecific 
reactions. Agglutination tests were found to be a suitable method 
for studying the immune reactions between antisera and particulate 
insoluble antigens or whole mycelium preparations. Conidia-aggluti­
nation tests could be used for routine identification of Pyricularia 
species and races if specific antisera can be developed.
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4. Comparison of the zymograms of protein bands from Pyricularia 
isolates separated by disc-gel electrophoresis showed similarities 
and differences in soluble proteins among the isolates. Comparison 
of gels by microdensitometer scans was more satisfactory than 
visual comparisons. All tested isolates contained at least five 
major proteins in conmon.
5. In these studies, P. oryzae and P. grisea isolates were found to 
have several antigens and proteins in common. The differences 
between isolates within the P. grisea group were often greater than 
antigenic and protein differences between P. grisea and P. oryzae 
isolates.
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APPENDICES
Appendix 1. Buffers 
Phosphate buffer saline (26): 
pH 7.2 (0.01M)
K2HPO4 1.74 g in 500 ml of distilled water
KH2PO4 1.36 g in 500 ml of distilled water
Measure the pH of l^HPO^ solution and slowly add KH2PO4 solution 
until the pH of the mixture is 7.2.
Veronal buffer (79): 
pH 8 . 6  (0.05M)
sodium diethyl barbiturate (sodium veronal) 8.5 g 
HCL IN LI. 6 ml
distilled water to 1 0 0 0 . 0  ml
Adjust pH to 8 . 6  with 5N HCl.
Appendix 2. Culture Media 




distilled water 1 1
Wash slices potatoes, then autoclave for 10 mln and allow to 
steam for 30 min. Shake the flask and decant broth by filtering 
through 2 layers of cheesecloth. Add melted agar and dextrose, then 
autoclave for 15 min at 121 C, 18 psi.
6 I
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Rice hull and rice grain medium:
Rice hulls 2 parts (by volume)
Rice grain 1 part
distilled water to moisten.
Autoclave for 30 min on two successive days.
Yeast extract media (YE) (71):
yeast extract powder 4.0 g
glucose 4.0 g
tween 80 0 . 6  ml
K2HP04 0.6 g
MgS04 '7H20 0.6 g
CaCl 1.0 g
FeCl3 -6 H2 0  trace
Distilled water to 1 1
Autoclave for 15 min.
Appendix 3. Protein Determination (44)
Protein determinations were made by a modification of the tech­
nique of Lowry et^  a K  (44). The sample to be tested was diluted in
deionized water to approximately 0.1-0.3 mg protein 1 ml. The reagents 
used were as follows:
Reagent A: 4.07, Na2C0-j dissolved in 0.1 N NaOH
Reagent B: 4.0Z sodium tartrate
Reagent C: 2.0% CuS04 ’5H20
Reagent D: Dilute reagent grade phenol 1.N, make up fresh for
each use.
One hundred ml of reagent A was mixed with 1 ml reagent B and
63
1 ml of reagent C and incubated for 45 min at room temperature to be 
used within a day.
A standard curve was made with bovine serum albumin, fraction 
IV (Sigma Chemical Co., St. Louis, MO) with triplicate samples con­
taining 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8 mg/ml.
One ml of the sample was diluted in 3.5 ml deionized water in
the tube. Five ml of reagent complex was added and mixed on a Vortex
mixer and allowed to stand for 10 min. Next, 0.5 ml of reagent D was 
added, quickly mixed, and incubated for 30 min. Optical density was 
recorded at 500 mu and 750 mu with the Beckman DB spectrophotometer.
The protein concentration of each sample was calculated from the 
standard curve.
Appendix 4. Techniques Used in Gel Diffusion Tests 
Agar gel media for Ouchterlony gel diffusion (25, 79):
Ion agar 25 (Wilson Diag., Glenwood 111.) 0.8 g
NaN3 1.0 g
Distilled water 100 ml
Add 0.8 g of ion agar in 90 ml of hot water in a boiling water
bath. Allow to melt for 40 min. Add 10 ml NaN3 solution, mix
thoroughly, deliver 7.5 ml of the solution into each compartment 
of 15 x 100 mm two-compartment plates, and store in the refrigerator.
Veronal buffered agar for gel diffusion:
Use the same formula, except 0.05M veronal buffer pH 8.6 is used.
Recording the results (59):
After drawing the position of each of the precipitin lines on a 
piece of paper, the immunodiffusion plate is washed carefully and half
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filled with deionized water. Cover the bottom of the plate with a 
thin layer of mineral oil and wipe off with tissue paper to fill the 
•cratches.
The plate is placed on F-5 Kodabromide paper and exposed to 
light from an enlarger for 1 3/4 sec. The contact prints are 
developed at 20 C by the following photographic printing method:
The prints are developed in "Dektol" developer for 90 sec.
Stop developing in the "indicator stop bath" for 30 sec.
Fix in "Kodafix" for 10 min.
Wash in running water for 30 min at least.
Place the prints in 'Pakosol' for 5 min, then dry with the 
rotating drum at 225 C, speed control set at 18.
drying and staining of the immunodiffusion plate:
After printing, the plate is washed free of nonreacted antigen 
and antibody for 2 days in successively changes of 0.8% (w/v) NaCl. 
Wash in distilled water for 3 hr as the final rinse, drain carefully. 
Allow the plate to dry completely at 25 C before staining.
Protein staining (68):
Rinsing solution: methyl alcohol:acetic acid:water (45:10:45) by
volumn.
Staining solution: 3.0 g ol "amido black 10B" (Bayer) in 500 ml
solution. Filter before use.
Pour 10 ml staining solution into the dried-gel diffusion 
plates. Stain for 5 min, drain and destain with several changes of 
rinsing solution until the gel becomes clear with the protein bands 
stained blue.
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Polysaccharide stain, Schiff Reagent (79):
Solutions:
a. Dissolve 1.5 g basic fuchsin in 500 ml boiling distilled 
water. Filter at 55°C and cool to 40 C. Add 25 ml 2N HCl and 3.75 g 
sodium metabisulphite. Agitate to ensure rapid solution. Allow to 
stand stoppered in refrigerator for 6 hr. Add 1.2 g charcoal. Mix 
vigorously for 50 sec and filter rapidly, filtration time not exceed­
ing 2-3 min. Store in stoppered flask in refrigerator.
b. Periodia acid 1.0 g
anhydrous sodium acetate 0.82 g
distilled water 100.0 g
c. Glacial acetic acid 0.54 ml
anhydrous sodium acetate 0.89 g
hydroxylamine hydrochloride 10.0 g
distilled water 100.0 ml
d. 107o (w/v) Na2S20^ 5 ml
2N hydrochloric acid 5 ml
distilled water 90 ml
Solution d should be made just before it is used. This also serves as 
the final wash when it contains 207, (v/v) glycerol.
Procedure:
Soak pre-dried plate or slide in (c) for 15 rain. Wash in running 
water for 15 min. ^oak in solution (b) for 10 min. Wash in running 
water for 10 min. Soak for 3 min in solution (a), diluted immediately 
before use with an equal volume of distilled water. Wash three times 
for 2 min each in solution (d). Wash three times for 1 hr each in 
glycerinated solution (d). Dry agar in warm air oven.
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Appendix 5. Isolation of Immunoglobulin (35)
Preparation of saturated ammonium sulfate solution
Dissolve 400 g of reagent grade ammonium sulfate in 500 ml 
distilled water which has been heated to 70-80 C. Stir for 20 min 
and allow to cool down to room temperature. Crystals of ammonium 
sulfate will form at the bottom of the vessel while the supernatant 
will be saturated (d = 1.245 at 25 C). The pH should be about 5 and 
should be adjusted to 7.0 with 28% ammonium hydroxide and a 1:2 
dilution of sulfuric acid. The solution is filtered and refrigerated 
before use.
Phosphate buffer saline (PBS):
Prepare 0.01M PBS pH 7.2 (Appendix 1).
Procedure
At 4 C dilute the serum two-fold with cold PBS and pour into the 
flask, then stir gently to avoid foaming. An equal volume of cold 
saturated ammonium sulfate solution is added drop by drop using a 
pipette. Allow the mixturt to stand at least 30 min or longer to obtain 
maximal precipitation. Centrifuge the mixture at 9,000 rpm for 15 min, 
the supernatant is decanted. Add PBS dropwise to the pellet and slowly 
bring up the volume to the original volume of PBS solution. The pre­
cipitation with ammonium sulfate is repeated three times in all and 
the final globulin precipitate i6 dissolved in as small a volume of 
PBS as possible. Ttoe final immunoglobulin solution is dialyzed against 
tap water for 2 to 10 min and then against PBS for 24 hr.
Appendix 6. Immunoelectrophoresis (68, 79)
Buffer
Prepare 0.05M veronal buffer pH 8.6 (Appendix 1).
Veronal buffered agar (Difco special agar noble) (Appendix 4)






Prepare as described in Appendix 4.
Impregnation agar solution:
Mix 1 ml of 1.07„ veronal buffered agar with 9.0 ml distilled 
water which has been previously warmed to 85 C in a water bath. Add 
a drop of glycerine to the mixture. Keep above 50 C before use.
Procedure
Place 8 clean slides in the slide frame. Apply a film of hot 
impregnation agar solution with Pasteur pipette then draw agar over 
slides with a slip of filter paper and allow to dry for 15 min. Place 
the frame on the levelling table. Spread 30 ml hot veronal buffered 
agar on the slides by moving pipette back and forth along the 8 slides. 
Agar preparation should cover the entire area including the frame area 
around the end of the slides. Place dust cover on the levelling table, 
allow the gel to solidify for 15 min. Place the frame in a moisture 
chamber in the refrigerator overnight.
Punch 0.2 x 6 cm trough on each side with cutting blade No. 6815A 
and cut 0.2 cm dlam antigen wells with micropipette according to the 
desired pattern.
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Remove agar from the antigen wells with suction needle, keeping 
needle in a vertical position. Place the antigen sample to be tested 
into each well with a 5 ul micropipette. Pour 700 ml veronal buffer 
solution into electrode vessel. Place the prepared slide frame above 
the buffer solution in the vessel. Cut two 2 x 3  in. paper strips 
from three folded filter papers, and wet in buffer solution. Lay the 
wet paper strips lengthwise, connecting both sides of the prepared 
slide frame to the buffer solution.
Electrophoresis run
Conduct the electrophoresis run at 200 v (10 v/cm) for 70 min.
Application of immune serum
Remove the slide frame from the cassett. Carefully remove agar 
from the troughs with suction needle. Apply one of the test autisera 
in the trough using a micropipette. Incubate the slides in moist 
chamber for 24 hr at 25 C.
Recording the results
Observe the precipitin lines and make a drawing of the positions 
of each precipitin line on a piece of paper.
Washing, drying, staining and imnunoelectrophoretic slide
Cut the gel layer around the end of each slide with a razor 
blade. Release each slide from the slide frame and place it in a 
petri dish. Wash off excess protein with several changes of 170 NaCl 
for 22 hr and wash in distilled water for 1 hr, then drain. Fill the 
trough and wells with distilled water. Wet blotter strips in distilled
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water and place them on each slide. Allow the slides to dry overnight 
at 25 C. Remove the blotter strip before staining.
Protein staining and polysaccharide staining
Follow the methods described in Appendix 4.
Appendix 7. Agglutination and Microprecipitin Test (7) 
Procedure:
Draw the titration reaction area with a wax pencil on a plastic 
dish using a checkerboard pattern. Each square should be 1/4 inches 
on each side. Make an appropriate series of dilutions of antigen and 
of antiserum in test tubes using saline as the diluent. Add a small 
drop of the appropriate dilution of antigen and antiserum to each 
square in the dish. Add a small drop of saline to each of the control 
series. Flood the dish with mineral oil making sure each drop on the 
dish is completely covered by the oil. Incubate the dish at 37 C 
for 2 hr, read the reaction, incubate the dish at refrigerator 
temperature overnight, and read the reaction for the second time.
The reactions should be read in a dark room using a microscopic light 
for an indirect light source and low power magnification of a binocular 
dissecting microscope. Tn the agglutination test, conidia in sus­
pension served as the complex antigen. In the microprecipitin tests, 
soluble antigen preparation with the protein concentration at 7 mg/ml 
were used as the complex antigen.
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Appendix 8. Disc Electrophoresis (12, 18)
Chemical8 (12):
1. Acrylamide Monomer (#201)
2. N,N'-Methylenebisacrylamide (Bis) (#202)
3. 2-Aaino-2-HydroxymethyT-l-3-Propandiol (Tris) (#210)
4. N,N,N',N' Tetramethylethylenediamine (Temed) (#204)
5. IN Hydrochloric Acid
6. Ammonium Persulfate (#209)
7. Riboflavin (#208)
8. Glycine (Ammonia Free) #203)
9. Sucrose (#213)
10. Acetic Acid
11. Aniline Blue Black (#211)
12. Potassium Hydroxide
13. Beta Alanine (#207)
14. Column Coat (#3-411)
Standard gel (77) (Stacks at pH 8.9, runs at pH 9.5)
Stock Solutions (Shelf life approximately 6 months if stored in 
amber bottles under refrigeration, with the exception of 
Stock Solutions F and G which should be used within 7 days 
of preparation.)




to make 100 ml
(pH 8.8-9.0)
(C) Acrylamide 28.0 g
Bis 0.735 g
Deionized water 
to make 100 ml




to make 100 ml
(pH 6.6-6.8)
(D) Acrylamide 20.0 g
Bis 5.0 g
Deionized water 
to make 100 ml
(E) Riboflavin 4.0 ml
Deionized water
to make 100 ml
(G) Catalyst
Ammono Persulfate 0.14 g 
Deionized water 
to make 100 ml
(I) Specimen Stain (as used)
77. acetic acid to make 200 ml
(K) Column Coat 
17 solution
(F) Sucrose 40 g
Deionized water 
to make 100 ml




to make 1 1
(J) Tracking Dye
.0057. Bromphenol Blue 
solut ion 
*Adjust pH of Stock Solution 
(B > by titrating with HCl N
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1 part deionized water 
(pH 6.6-6.8)
(to form gel, expose





6 parts deionized water
Procedure:
Place base cover over one end of a set of clean 7 x 70 mm glass 
tubes. Set 12 tubes upright on the rag in front of the fluorescent 
lamp. Apply 0.2 ml separating gel solution into each tube. Carefully 
apply 0.2 ml deionized water on the top of the gel. Expose to 
fluorescent light, allow the gel to polymerize for 30 min. Remove 
deionized water from the tube using tissue paper. Apply 1 ml of 
stacking gel solution on the polymerized separating gel and apply
0.2 ml deionized water on the top of the gel. Expose to fluorescent
light, allow the stacking gel to polymerize for 30 min. Remove
deionized water from the tube. Mix the tested sample with 407, sucrose 
(1:1 v/v), then apply 0.13 ml of sample preparation to the top of the 
gel. Fill the tube with buffer, avoiding bubbles. Remove base cover 
and place tubes into adaptors in the upper bath. Add 500 ml buffer. 
Set the upper bath on the stand. Apply a few drops of tracking dye 
to the buffer. Position lower bath containing 500 ml of buffer in 
stand, so that the tubes will be dipped into buffer solution. Make 
sure that air is not entrapped at the bottom or top of the sample
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tubes. Turn on the power and adjust the current initially to 2 mA 
per tube. Within a few minutes, increase the current to 5 mA/tube. 
Run electrophoresis for hr or until the dye band nears the bottom 
of the tube.
Staining the gel
Remove the gel from the tube. Stain for 1 hr with 0.5% aniline 
black in 7% acetic acid. Place the gels in the destaining tubes. 
Destain for 3 hr in the same apparatus with two changes of 7% acetic 
ac id.
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